Abstract To evaluate the stain susceptibility of CAD/ CAM blocks and direct composite after long term exposure to various staining agents. 40 disk-shaped samples were fabricated from each of nine materials; six CAD/CAM (Vitablocs Mark II, Paradigm MZ100, Experimental Vita Hybrid Ceramic, Vita Enamic, Experimental Kerr and Lava Ultimate) and three direct composites (Filtek Supreme, Venus Diamond and Filtek Silorane). Samples were randomly divided into five groups (n = 8) according to different staining solutions (distilled water, tea, red wine, coffee and artificial saliva). Initial L*a*b* values were assessed using a calibrated digital spectrophotometer. Specimens were immersed in staining solutions and stored in an incubator at 37°C for 120 days. L*a*b* values were assessed again and color change (DE) was calculated as difference between recorded L*a*b* values. ANOVA, and Duncan test were used to identify differences between groups (a = 0.05). Significant differences in DE values were detected between materials (p = 0.000). Among all staining solutions, the highest DE value was observed with red wine. The new CAD/CAM blocks (Vita Enamic, Vita Hybrid Ceramic and Lava Ultimate) showed the highest resistance to staining compared to the MZ100 composite resin blocks. Filtek Silorane, a direct composite, showed high stain resistance values compared to CAD/CAM materials and other direct composites. Ceramic and composite CAD/CAM blocks had lower staining susceptibility than methacrylate based direct composite. Staining susceptibility of the new resin based CAD/CAM materials Vita Enamic and Lava Ultimate was comparable to feldspathic ceramic blocks (Vitablocs Mark II). Filtek Silorane showed promising results that were comparable to some CAD/CAM blocks.
Introduction
Modern dentistry has increased the demand for highly esthetic restorations with color match being an important criterion. Sustained color stability of dental restorative materials remains a challenging factor as it differentiates between restorations' success and failure [1, 2] . In this context, materials' properties and fabrication techniques play an important role determining the behavior of the material, which ensure restorations' success.
Composite resins are considered material of choice for esthetic restorations in both anterior and posterior teeth [2] . Since their introduction to the dental market, composite resins have undergone many changes in their formulation to improve their mechanical and physical properties. It has been shown that their incomplete polymerization affects the degree of conversion resulting in reduced mechanical properties and greater staining susceptibility [3] .
When exposed to oral environment, discoloration can occur due to extrinsic and intrinsic factors. Extrinsic factors include staining by adsorption or absorption of colorants as a result of contamination from exogenous sources (e.g. food colorants) [4] [5] [6] . Discoloration degree varies according to oral hygiene, eating/drinking and patients' smoking habits [7, 8] . On the other hand, intrinsic stains may also be due to an alteration of the material itself (e.g. oxidation of residual monomer) [9, 10] . In this respect, the resin matrix composition with its hydrophilicity/hydrophobicity, filler load, size and nature of the particles [11] , quantity of photo-initiator or inhibitor [12] and degree of conversion [13] have a strong influence on the stain intensity of composite resin.
Recent modifications to improve the physical and mechanical properties of composite resins are focused on modification of resinous matrix and improving the degree of conversion.
Modifications of methacrylate-based matrices were implemented. For instance, monomers containing urethane groups of tricyclodecanes (TCD) and urethane dimethacrylate (UDMA) have been found to have a better stain resistance than Bis-GMA due to their lower viscosity and water sorption [5, 14] . In addition, TCD monomer has a rigid structure that results in low polymerization shrinkage [15] . Another development in the field of composite resin matrix modification has been the use of ring-opening systems such as siloranes. This resin is claimed to have lower polymerization shrinkage along with a high degree of hydrophobicity compared to Bis-GMA or UDMA [15] . Recent investigations have proven that silorane-based matrices have a better staining resistance than methacrylate ones [16, 17] .
Improvements in degree of conversion can be assured through the use of prefabricated material blocks for computer aided design/computer aided manufacturing technology (CAD/CAM). These blocks are industrially polymerized under standardized parameters at high temperature and pressure to ensure optimal physical and mechanical quality [18] . The first CAD/CAM block that was introduced to the market was based on feldspathic ceramic (Vitablocs Mark I and II, Vita Zahnfabrik, Bad Säckingen, Germany). It consists of homogenous finegrained glass ceramic with a particle size of 4 lm. Several studies have shown the clinical success of this material with its enamel like abrasion behavior [19] .
Nevertheless, improvements of mechanical properties of resin-based materials along with their advantages of easier adjustment, polishing and reparability resulted in the development of resin composite blocks (Paradigm MZ100, 3M ESPE, St. Paul, MN, USA). Structurally, these composite blocks are based on the polymer structure of Z100 composite with 85 % by weight ultrafine zirconium-silica ceramic particles that reinforce a highly cross-linked polymeric matrix [20] . In a 3 years comparison between Vitablocs Mark II and Paradigm MZ100 inlays, it was concluded that resin based blocks performed as well as the ceramic ones with clinical advantage in fracture resistance and color match [21] . Yet, in a recent clinical review, Ruse and Sadoun illustrate that the mechanical and optical properties of the ceramic remain superior to that of composite materials [22] . This could be due to the properties of the composite resin material, which are still highly affected by the type of resin matrix used, filler characteristics and the coupling agent between filler and matrix [23] .
Further scientific developments enabled the introduction of CAD/CAM blocks that combine the positive aspects of ceramic and composite materials. From this group two materials are available; the resin based nano composite blocks (Lava Ultimate, 3M ESPE, St. Paul, MN, USA) that consist of nano ceramic particles embedded in a highly cured resin matrix. This combination improved the mechanical and physical properties of the original composite blocks [24] . The other material is a hybrid ceramic block with a dual network structure of feldspathic ceramic (84 %) infiltrated by resin matrix (14 %) (Vita Enamic, Vita Zahnfabrik, Bad Säckingen, Germany) and are considered to more closely imitate natural tooth compared to the existing materials [25] . In addition, experimental composite blocks with glass fiber filler (Kerr, Orange, CA, USA) may be soon available on the market.
Up to date, little is known about the long-term behavior of these materials in respect to staining susceptibility under simulation of oral conditions. Therefore, the aim of this study was to compare the stain susceptibility of five resinbased CAD/CAM blocks with three direct resin composites that differ in their resinous matrix composition. Blocks fabricated from feldspathic ceramic were used as the control. The color evaluation was performed after 120 days immersion in five clinically relevant staining solutions. The null hypotheses were that: (1) there is no difference in staining susceptibility between the different materials tested. (2) There is no difference in staining potential between different staining solutions.
Materials and methods
In this study nine materials were evaluated: six CAD/ CAM blocks and three direct composites ( Forty disc-shaped samples each of 10 mm in diameter and 1 mm thickness were fabricated from each material. The CAD/CAM blocks were sectioned using a low-speed diamond saw (Minitom, Struers, Ballerup, Denmark) under water-cooling. A diamond bur was used to round the edges. Direct composite samples were prepared by pressing the material between two glass slides to the thickness of 1 mm. Samples were then polymerized for 20 s using a LED device (Kerr Demi Plus, Orange, CA, USA) with an intensity of 1100-1330 mW/cm 2 and a wavelength range between 450 and 470 nm. The distance between the light source and the sample was standardized by the 1 mm thick glass slide. The surface of all samples was polished (Labopol-II, Struers, Ballerup, Denmark) by using abrasive silicon carbide papers with descending grain size (120, 220, 500, 1200, 2400 and 4000) under water-cooling for 60 s. All samples were then stored in distilled water for 24 h at 37°C in an incubator (INP-500, Memmert, Schwabach, Germany) to allow rehydration and post-polymerization of the direct composite discs.
Samples were randomly divided into five groups (n = 8) according to different staining solutions: group 1 negative control 1.5 ml of distilled water, group 2 1.5 ml of tea solution (Classic Earl Grey Tea, Twinings and Company Limited, London, England), group 3 1.5 ml of red wine (Côtes du Rhône, Rhône, France), group 4 1.5 ml of coffee solution (Arpeggio, Nespresso, Switzerland) and group 5 1.5 ml in artificial saliva (Glandosane, Helvepharm, Switzerland). All samples were then stored in an incubator at 37°C for 120 days. The test solutions were replaced every 12 days to avoid bacteria and yeast contamination. Before solutions replacement, samples were removed from the staining solution, rinsed for 60 s with a high-pressure hot-water airbrush (0.4 MPa, 135°C, Minivapor 93, Effegi Brega, Piacenza, Italy) and air-dried.
Color measurement was performed using a calibrated reflectance spectrophotometer (SpectroShade, Handy Dental Type, MHT, Arbizzano, Italy). The device has a built-in aiming routine that enables a reproducible positioning (perpendicular to the sample's surface) to ensure equal measurement conditions for all samples. Before each measurement, the spectrophotometer was calibrated according to manufacturer recommendations. Measurements were performed under a D 65 light source (6500 K) [26] . Commission International d'Eclairage (CIE) L*a*b* measurements of each sample were performed on both white and black backgrounds. Baseline L*a*b* measurements were recorded before staining procedure. Color measurements were recorded again 12, 36, 60 and 120 days after immersion in the different staining solutions to evaluate the dynamic of samples' discoloration.
The staining susceptibility was defined as change in color, which is measured by comparing the results with initial data, according to the following formula [27] : The statistical analysis was performed using SPSS 21.0 software for Mac. Normality of the data distribution was ensured with a Shapiro-Wilk test. Then, ANOVA and Duncan post-hoc tests were used to identify differences in stain susceptibility between materials and staining solutions, with a significance level of 0.05.
Results
Mean and standard deviations of the color difference values (DE) between before (initial measurements) and after 120 days immersion in different staining solutions (final measurements) against both backgrounds are represented in Table 2 . Statistical analysis of DE values is presented as well (for each column) which corresponds to a comparison between the materials in each staining solution.
Effect of backgrounds
There was a significant difference between the results against the two backgrounds. DE values were higher against white background for all materials tested in all staining solutions.
Effect of staining agents
The color variation results from 12 days to 120 days storage are shown in Figs. 1, 2 and 3 for tea, red wine and coffee, respectively. For all materials tested the effect of staining was time dependent and increased with time. Different staining solutions generally showed significant color differences between tested materials (p = 0.000). Red wine (Fig. 2) had the highest staining potential followed by coffee, tea, artificial saliva and distilled water.
Effect of materials
Direct composite Filtek Supreme (F Sup 41.2 ± 1.99) showed the highest staining susceptibility followed by Venus Diamond (VD 30.02 ± 0.62) compared to all materials in all staining solutions (Figs. 1, 2 and 3) . The lowest staining susceptibility was observed in the direct composite Filtek Silorane (F Sil 11.8 ± 0.64) followed by the hybrid ceramic block Vita Enamic (VE 14.27 ± 0.63) and the composite block Lava Ultimate (LU 15.26 ± 0.59). No significant difference in staining susceptibility was observed between the two last two groups.
Despite their similar composition, a significant lower stain resistance was found in Filtek Supreme (F Sup 41.2 ± 1.99) compared to Lava Ultimate (LU 15.26 ± 0.59).
The ceramic blocks Vitablocs Mark II (MK II 23.35 ± 2.02), the composite blocks (MZ100 18.56 ± 1.58) and the experimental glass fiber filled composite blocks (K 19.41 ± 0.81) showed higher stain susceptibility than Lava Ultimate.
Discussion
Inappropriate color match is one of the major reasons to replace resin-based composite restorations [28] . Several complex events will take place during the service time in the oral cavity. Within a certain period of time these events will lead to changes of the material's color [5, 9] . Visual and instrumental methods are available to measure color stability. In this study, spectrophotometers and the L*a*b* CIE coordinate for the color measurements were used as it offers objective values with high level of accuracy and repeatability [29] .
The CIELAB, Color difference DE is the value used to evaluate color changes and is calculated by special formula using the differences in L*, a*, b* values. In 2001, an updated new formula DE 00 was introduced and proposed by the CIE [30] . In practice, these formulas are interchangeable [31] and their values are highly correlated [32] . Therefore, in this study we decided to use the well-know DE values as color measurement [1, 2, 11, 26] . It should be noted that when performing this evaluation, the clinical interpretation is important. It is essential to distinguish between the perceptible color difference to the human eyes and the statistically acceptable difference. It has been claimed that DE below 1.1 is not perceptible to human eyes, while values above 3.3 are clinically unacceptable [26, 33, 34] .
During color measurement, both the actual color of the surface and the lighting condition under which the surface is measured will affect the readings [6] . In the literature, the effect of the background on color perception is a controversial issue. White background has been used widely as a standard background [13, 14, 17] recent study, Ardu and coworkers concluded that black background could be considered as the ideal background for anterior teeth compared to grey and white ones [35] . Therefore, white and black backgrounds were selected to allow a better simulation of the clinical condition, in which the black background intended to simulate the light reflectance in restorations that are not surrounded by cavity walls, i.e. anterior restorations like class IV, and the white background intended to simulate the light reflectance in restorations that are surrounded by tooth walls, like class I, II, III and V posterior restorations or anterior veneers [26] . Due to the fact that the expected life span of direct/ indirect restorations is about 8-10 years, the immersion time used in this study was 120 days, which should represent around 10 years of clinical aging, as shown by Ertas and coworkers [36] .
In respect to effect of the backgrounds and in consensus to a previous investigation, we found that the use of white background presented higher DE values when compared to the black ones. This indicated that color discrepancies might be more evident in situations in which restorations are surrounded by tooth walls [26] . These results could be explained by the difference in contrast ratio between the stained samples/background and the level of light reflectance [26, 35] . Based on the testing condition applied in this in vitro study, our results showed that except for distilled water and artificial saliva, none of the materials tested had DE values below 3.3 in all other solutions. Therefore, if the same condition applied clinically, most of the discolorations would be perceptible to human eyes and deemed clinically unacceptable [33] .
In respect to staining intensity, red wine had a high staining potential compared to coffee and tea solution in all materials. These results were similar to previous investigations [18, 26, 37] . Several studies have reported that alcohol facilitates staining by softening the resin matrix [5, 7] . However, it was not clear whether the discoloration was due to the effect of alcohol or the presence of pigments in the red wine. Additionally, staining from coffee and tea solution was material dependent. It was shown that coffee stains more than tea especially in materials based on methacrylates as can be observed in the values of Filtek Supreme, Venus Diamond, Paradigm MZ100 and Lava ultimate. Previous findings revealed that discoloration by coffee can occur due to both adsorption and absorption of colorants while discoloration by tea could be due to adsorption of polar colorants onto the surface of materials [4, 14, 26] . This absorption and penetration of colorants into the organic phase of the materials is probably due to a compatibility of the polymer phase with the yellow colorants of coffee [4] .
With the exception of Filtek Silorane, the CAD/CAM blocks had a higher stain resistance compared to direct resin materials in all staining solutions. The processing procedure used for the fabrication and polymerization of CAD/CAM blocks apparently improved their stain resistance behavior [18, 21] . This observation of better stain resistance is clearly visible when comparing the results of the direct composite (F Sup) and resin based CAD/CAM (LU), which have basically the same composition. However, these results disagreed with those of a recent study where it was found that Resin nanoceramic (LU) and Nano composite resin (F Sup) showed similar clinical unacceptable color change when stained with coffee [38] .
In all staining solutions except coffee, the results for Lava Ultimate (composite block with nano ceramic particles) were similar to Vita Enamic (hybrid ceramic) indicating that composite materials can perform similar to ceramic ones. In contrast when using coffee as a staining solution, VE showed better stain resistance results than LU [38] . The two materials had higher stain resistance compared to Paradigm MZ100 composite block. The resin matrix of Vita Enamic consists of UDMA and TEGDMA. While for Lava Ultimate, it is a reinforced resin matrix with special chemical composition as claimed by the manufacturer. In both materials the resin matrix, is less rich in Bis-GMA compared to Paradigm MZ100 that would turn the materials more hydrolytically stable [5, 32] . Our findings, however, contradict those of a recent study in which Lava Ultimate and MZ100 behaved similarly after 2 weeks staining [32] and other study where Lava ultimate resulted in more staining than MZ100 and Vita Enamic [39] . It is worthwhile to mention that any dissimilarity in the study design may influence the results. In respect to the Exp. blocks from Kerr, the fiber reinforcement probably improved its stain resistance, as they showed better results in term of stain resistance than the classic composite block Paradigm MZ100. Further explanations regarding the behavior of this material are not possible at this stage, as the manufacturer did not provide their exact composition.
Stain resistance depends on water sorption and hydrophilicity/hydrophobicity of the material. Our data confirm that the nature of the resin matrix has an influence on stain susceptibility. Hydrophilic materials have a higher degree of water sorption and relatively higher discoloration values under staining solutions than hydrophobic ones [4] . Filtek Supreme resulted in the highest color change compared to all testing materials [38] while Filtek Silorane was the most stain resistant among the direct resin materials. This stain resistance of Silorane is related to its hydrophobic resin matrix leading to reduction in water sorption and solubility, thus better color stability [16, 17] . In respect to Venus Diamond, the properties of TCD-urethane monomer in terms of chain rigidity and high reactivity probably resulted in a higher degree of conversion. Leading to better staining resistance compared to Filtek Supreme [15] . Additionally, the resin matrix of Filtek Supreme is rich in Bis-EMA, TEG-DMA and Bis-GMA, which under similar curing conditions result in higher water sorption than UDMA [40] .
Conclusions
Within the limitations of this in vitro study, both null hypotheses stating that there is no difference in staining susceptibility between the different materials tested and that there is no difference in staining potential between different staining solutions were rejected. Red wine showed the highest staining potential followed by coffee and tea. Although the resin matrix of some resin modified CAD/CAM materials contained methacrylate resin, their stain resistance was comparable to ceramic and was higher than methacrylate based direct composites. This highlights the fact that in CAD/CAM blocks, an improved degree of polymerization results in an optimization of the materials mechanical properties. Filtek Silorane showed the best staining resistance among the direct composites tested, which was comparable to CAD/CAM blocks. Hybrid Ceramic and resin-based materials (Vita Enamic and Lava Ultimate) showed a similar behavior.
